FOREWORD
In-house Laboratory Independent Research (ILIR) provides for the application of BESRL's scientific talnt in the exploration of new developments in experimental psychology, psychometrics, and statistical-mathematical models. Its objective is to extend laboratory c.aability in terms of knowledge and techniques from which applications can ultimately b. made to a wide range of Army human factor problems. A portion of the FY 1968-69 effort of the Statistical Research and Analysis Division of BESRL has therefore been devoted to research under RDT&E Project 2T061101A91B. The Division, in its regular program, conducts supportive research related to human factors problems in which quantitative considerations enter substantially.
The present study, which was under the general guidance of Cecil D. Johnson, Chief of SRAD, and John Mellinger, Chief of the Statistical Research and Consultation Branch acting in an advisory capacity, deals with, a reexamination of a statistical method commonly employed in estimating the effectiveness of a selection test when validity data are restricted to a segment of the population with which the test is to be used. To reexamine the statistical method currently used for estimating the predictive efficiency of tests of the Army Classification Battery, specifically, the method by which validity coefficients are corrected for restriction of samples to a segment of a given population.
Procedure:
4
Descriptive statistics-means, standard deviations, intercorrelations-for subgroups of an entewing population of 2480 enlisted men were the basis for computation of difference ratios for partial correlation coafficients between subgroups and total group, and also regression weights. Means and standard deviations of the difference ratios were compared.
Findings:
1. No appreciable effect of the curtailed sample on the estimated effectiveness of the cognitive tests in the total group was demonstrated.
2. Differences between statistics for curtailed samples and for the total population were found to be somewhat larger in the case of noncognitive measures than for cognitive tests.
Utilization of Findings:
Results raised some slight question as to the appropriateness of estimating the validity of noncognitive tests by statistical correction for restriction in the range of scores in curtailed samples. Some factors entering into the classification process as apllied by interviewers at reception stations-but not quantified or recorded-may not correspond closely to characteristics measured by the noncognitive tests in the battery administered. Replication of the present study on more recent data is projected. Assignment of entering Army personnel to training in military occupational specialties (MOS) is generally based on a combination of the stated needs of the total Army system at the time assignaent is made, the personal preferences and previous experience of the individuals available for assignment, and scores on the tests used by assignment specialists to predict success in the various Army occupations. The tests used are those of the Army Classification Battery (ACB) administered during reception station processing. Eleven paper-and-pencil tests, nine cognitive, one self-descriptive, and one on general information designed to measure interests, constitute the ACB (see Appendix A for a fuller description of the tests). The scores on the individual tests of the ACB are combined into eight single-digit scores by simple weighting of scores on specified tests. These composite test scores, called aptitude area scores, have demonstrated relationship to performance in Army occupations falling into broad groups. Cutting scores for the training courses are set so as to admit only individuals who have reasonable chance of success in the course.
One of the basic responsibilities of the Behavioral Science Research Laboratory is tc maintain and improve the ACB tests and the test composites as used in an optimal assignment model. The final measure of the quality of a classification test is its effect on the magnitude of the objective function, in this case, predicted performance of the individuals in the jobs to which they are assigned. The validity of the tests, determined as the strength of the relationship of a test with a criterion variable, is used as a substitute mpasure of classification effectiveness in most BESRL research. Since it is not always possible to obtain a satisfactory measure of Job performance, grades in Army school training courses have been frequently used as the criterion.
Army school success and job performance can be measured directly only for subsamples of individuals already assigned to training or job. Relationship of predictors to school grades or evaluations of job performance can therefore be obtained only on the separate occupations. By the nature of the classification process, comparative perfonTlance ratings for a single individual across several jobs or training schools cannot be obtained. Even within an occupational subgroup, validity is known only for those who have successfully met the school requirements.
Extension of results obtained from a selected subgroup to a hypothetical whole on the basis of known relationships among variables has been an accepted statistical procedure for many years. As early as 1903, K. Pearson (i) noted the effects of truncating a sample by selection on one variable, and presented a method for the extension of sample results to the complete distribution. Since that time, Aitken (2), Lawley (3), Birnbaum (4), Guilford (5), Gulliksen (6) , and others have presented methods generalized to several selector variables.
Within the Behavioral Science Research Laboratory, extension of results on a restricted MOS sample to the uncurtailed recruit population by use of statistical relationships among variables on which complete information is available has been an accepted practice. The Army Classification Battery is administered to all entering recruits, and means., variances and covariances of the tests for the full Army population are therefore known. About criterion measures, however, or about any other measurements made within MOS subgroup, only limited information is available. Selection of a subgroup from a widely variant population usually results in restriction of the range of scores on variables subsequently measured, especially if the group has been formed by rejection of vould-be members because of unacceptable scores on closely related variables. Restriction of the range of scores results in restriction of the variances and covariances of variables for the subgroup. For this reason, extension of subgroup results to the uncurtailed group is sometimes called correction for restriction in range. Strictly speaking, correction for restriction in range should be made with information available on the full set of variables entering into selection.
In Army classification procedures, information in addition to that provided by scores on the ACD is used by the assignment interviewer in making his recommendation for the assignment of recruits. However, the exact nature of this information is not known. Nor is it known how the information is used by the interviewer nor how interviewer recomnendations are used in the assignment process. Correction procedures have thezelore used the ACB tests as if they were the only variables of direct selection.
The basic statistical model for making adjustments in variances and covariances among variables measured in a subgroup so as to represent the same measurements in the uncurtailed distribution (including the subgroup) makes certain assumptions about the constitution of the subgroup, the variables, and the measurements. One assumption is that the subgroup is assembled from the whole distribution by specifying that individuals assigned to the subgroup meet certain standards in size of scores or linear combination of scores for the selector variables, The exact nature of these standards need not be known by the person making the adjustments. Other assumptions are:
1. The regression of the variables whose variances and covariances are to be corrected is linear on the variables of direct selection.
2. The variances and covariances of the affected variables are constant for fixed values of the selector variables.
3. The errors of measurement are the same in the restricted group and in the whole distribution.
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If these assumptions are fully met, the partial regression weights and partial covariances obtained after elimination of the effects of the selector variables should be the same for subgroup and total group. In the present study, this equality is examined using experimental data.
Behavioral Science Research Laboratory studies in which subgroup results were extended to universe values have generally assumed thai: the required conditions prevailed; or, if not, that the technique was sufftciently robust to tolerate moderate violation of the assumptions. However, detailed evaluation of the degree of conformity to these zoiditio-is using an extensive amount of empirical data has not been made.
The present study is based on data collected for validat.on of tests developed as potential components of the Army Classification Battery. The group of enlisted men represented most of the new input to the Army for a period of 18 months. Assignment of individuals to MOS schools was accomplished in the usual way, through the use of priorities resulting from Army needs, preferences of the individuals, and occupational aptitudes as indicated by scores on the ACB. Additional tests were administered to all members of the group, but these scores were not used in the classification process. Hence, a unique opportunity existed. Complete information was available on variables used in subdividing the population into occupational subgroups as well as on additional variables for which the range of scores in the subgroups was restricted because of their relationship to the variables of direct selection. The correction process could be carried out and results compared with actual results observed for the total group. Suitability of the correction process could also be examined by testing the conditions required by the underlying assumptions. An hypothesis that variables are differentially affected by correction based on an incomplete set of selectors was also of interest. Some of the additional tests given were noncognitive in nature, being made up of items related to occupational preferences, past experience, and personal descriptions. Scores on these tests might be related to supplementary factors used by the interviewers in assigning men to occupational groups. If correction is based on the ACB alone, restriction in the range of scores due to relationship with the supplementary factors would be left uncorrected, and a poor estimate of the population covariances for the noncognitive tests would result.
METHOD Sample
The study used information collected from a total of 2480 men at the beginning of their first enlistment. The men were subsequently assigned to 21 different MOS uchool courses but because some of the subgroups were very small, closely related MOS were combined for the analysis. Subgroup size and MOS (by the MOS classification structure in use when the tests were administ.red) are shown in Table 1 To test for possible differences in partial correlation coefficients and regression weights from the individual subgroups to the pooled sample of 11 other subgroups, partial correlation coefficients and partial regression weights were computed for each combination of variables. Differences in weights or coefficients were then compared to the combined error of the difference.
Formulas
Formulas used in calculation of the difference ratios for partial correlation and for regression weights are shown below:
Ni
Number of persons in subgroup i; i = 1 to 12
32
N
Number of persons in the pooled group, Np = E Ni P i=1 C 9 x 9 matrix of covariances for the ACB tests 
Statistical Processing
Although it was desirable to know whether statistically discernible differences existed between the restricted subgroup and the total subgroup from which the subgroup was selected, an appropriate statistical test for making this evaluation directly was not available. Consequently, it was decided to test for differences between the two parts, the subgroup and the corresponding pooled group (composed of the 11 other subgroups) on the premise that if the two independent parts were not different, the subgroup would certainly not be different from the whole (composed of all 12 subgroups).
Intercorrelations, means, and standard deviations for the full set of 32 variables were available from the statistical processing of a previous study. Covariances computed fro-these available measures were used to obtain partial correlation coefficients and partial covariances among the 23 variables not used in the assignment process and partial regression weights for these 23 variables on the nine tests of the selection battery.
The difftrences between the partial correlation coefficients obtained for the subgroup and those obtained for the pooled remaining 11 subgroups were computed for each pair of variables in the 23-variable matrix. These differences were divided by the standard error based on the entire 12 subgroups weighted by the square root of the sum of reciprocals of the degrees of freedom for the subgroup and the corresponding pooled 11 subgroups. Since multiple tests were made, there was no effort to single out individual differences which might be statistically significant. However, a comparison was made between the obtained distributions of difference ratios and the normal distribution. A similar comparison was made for difference ratios for regression weights.
RESULTS
Means and standard deviations for the difference ratio distributions for partial correlation coefficients and for regression weights are shown in Table 2 . In all except one subgroup, the standard deviation of the distribution of difference ratios was equal to or greater than one (+1), indicating somewhat flattened distributions with a greater number of large ratios than is found in the normal distribution. A like result was obtained for partial correlation coefficients and for regression weights.
The frequency and proportion of differences greater than two standard errors were tabulated ( Table 3 ). The percent of area under the normal curve with abscissa 2.0 or greater is 4.55. Averaged across the 12 subgroups, 6 percent of the regression weight ratios were equal to or greater than 2.0. In the case of partial covariance, 6.8 percent were equal to or greater than 2.0. For regression weights, three subgroups showed fewer large ratios than the normal curve; for partial correlation coefficients only one subgroup. A further breakdown of the distributions of ratios equal to or greater than 2.0 is shown by variable in Tables 4 and 5 . Of the total number of tests made on partial correlation coefficient differences for cognitive variables, 6.1 percent of the ratios were greater than 2.0 (Table 4) . (There were 22 ratios for each variable across the 12 subsamples.) For the noncognitive scales, 7.8 percent were greater than 2.0. There is overlap in these percentages, since the tabulation was made for each variable with the 22 remaining variables, assuming Djk = 2.0. One tally was made for variable j and one for variable k. Ajk The 6.1 percent shown for variable 1 includes large ratios with other cognitive tests as well as those with noncognitive scales. Among the ratios for regression coefficients (on ACB tests) 6.0 percent were greater than 2.0 for the cognitive variables and 5.9 percent were greater than 2.0 for the noncognitive scales (Table 5) .
T
In order to examine differences in the intercorrelations separately for cognitive tests and noncognitive tests, the summary shown in Table 6 was made. Here, the large differences are divided into three categories: 1) cognitive tests versus cognitive tests; 2) nonco-gnitive scales versus noncognitive scales; and 5) cognitive measures versus noncognitive measures. Category 1 showed 6.6 percent, category 2 showed 12 percent, and category 3 showed 5.4 percent.
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Avg.
5.9
Grand Total 148
Avg. for All Tests 6.0 Since the difference ratios for the partial correlation coefficients did not reveal the possible difference in variance for a variable in a subgroup as compared to the same variable in the pooled 11 other groups, these comparisons were made separately. The variance ratios were computed and the values compared to the F-distribution (Table 7) . Again, no attempt was made to single out individually significant differences. Since nine noncognitive tests in twelve samples were being analyzed, there were 108 separate variance ratios for noncognitive variables. Of 
IMPLICATIONS OF THE FINDINGS
Interpretation of the statistical measures presented here is not clearcut. There is some indication that the subgroups examined did not conform to the restriction-in-range model, but the evidence is not consistent enough to be decisive. Some range restriction remained after the subgroup results were equated on the ACB tests. The partial correlation coefficients and variances for the noncognitive scales seem less amenable to the extension process than those for the cognitive tests. This difference may perhaps be explained by the close relationship between the preference-experience factors used by the classification specialists and the noncognitive scales.
Since correction for restriction in range is a common procedure in studies involving MOS school samples of enlisted men for the validation of noncognitive scales as well as for the mose conventional cognitive tests, the question of appropriateness of model should be examined further.
The current version of the Army Classification Battery includes two personal information and preference scales. These measures may relate to classification factors used in the assignment process but not quantified and recorded. Large amounts of test data similar to data used in the present analysis were collected on men entering the Army in 1965. The scores are now in machine-usable form and could be examined in a replication of the present study at relatively low cost. Decision on whether or not subgroup results on noncognitive scales are appropriate for extension by methods commonly used with the linearly related cognitive tests should be deferred until after such replication. The projected study should also yield further clarification of results of present extension methods for cognitive tests known to be linearly related to the criterion.
